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Re sxime . 

NOTE:- The otiec": of this rasiime is to present in brief 
and convenient "for::, the salient facts of this report for 
the "benefit of those '.vho may .rish to utilize the results 
of this investigation without studying the more detailed 
descrip"cion of apparatus and methods* 

The experiments described in this report shor; that the 
cracking at sharp bends, observed in zhe insulation of high 
tension ignition '.vires after service, is due to a cherr.ical 
attack upon the rubber by the ozone produced by the electric 
discharge .vhich takes place at the surface of the cable. 
This cracking does net occur if the insulating material is 
not under tension, or if the cable is surrounded by some 
mediuiii other than air; but does occur even if the insulation 
is not subjected to electric stress, provided the atmosphere 
near the cable containi; oaone. The extent of this cracking 
varies greatly with the insulating material used; and can ' 
be materially reduced by using braided cable and by avoiding 
sharp bends. 



CAUSES OF CRACKING OF IGNITION CABLE. 

High tension ignition cables, used to connect the 
spark plugs with the distributor blocks on internal com- 
bust ion engines, occasionally give trouble 03.^ cracking of 
the ins-aiation} Vvhich is particularly likely to occux at 
sharp bends in the cable. It has been found by manufac- 
turers of ignition systems that a convenient test of the 
ability of a cable to give satisfactory service is obtain- 
ed by capping the cable f irmli' around a metal m.andrel and 
applying voltage froiL a magneto or spark coil bet r^een the 
core of the cable and the mandrel. Inferior quality cable 
will in the course of a few hours show cracks which begin 
at the outer surface and ra^:idj.y become deeper ^jntil a 
puncture of the insulation finally occurs through one of 
these cracks • 

The Bureau of Standards was requested by the Bureau 
of Aircraft Production xo locate more definitely uhe cause 
of this trouble, and for this purpose an extensive series 
of tests was made on three samples of ignition cable. Sam- 
ples I and II were very kindly supplied for the test, by 
the Kerite Insulated Wire and Cable Company and were insu- 
lated V7ith their Kerite compound* Sample III ms rabber 
insulated with a mineral filler and had been furnished un- 
der Signal Corps Specification 23 0G3-A for High Tension 
cable. The properties of the materials are given in the 
following table: 
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TABLE I, 



Sample Number I II m 



Insulation 


Kerite 


Kerite 


Rubbe r 


Braids 


None 


Two 


Two 


Conductors 


IS # 26 


12 # 26 


19 # 29 


DiaiTi. over rubber 


7.35 mm. 


6.29 mm. 


b-70 mm. 


Diani. over all 


7.35 mm. 


7.64 mm. 


7.07 mm. 


Dielectric constant. 


3*4 


3.7 


3.6 


Set 


5.7 


4.6 ^ 


16 fi 


Ultimate elongation 


320 7. 


310 io 


35C io 


Eff. Dielectric Strength 


56 500 V. 


45 800 V. 


40 600 V. 



The majority of the tests v.-ere endurance mns, during 
which the specimen vvas subjected to a combined mechanical 
and electrical stress for a certain period of time. At 
the end of each of these tests, the samples which had not 
punctured Mere immersed in va,ter for approximately 34 hours 
and then subjected to a breakdom test using SO cycle A.C* 
voltage. The results of this test are given in Table II 
attached. 

In this table, column II or III, gives the length of 
• time that the sample ms subjected to the electrical stress 

from either a magneto, running at about 200G r,p,m. and 
firing a 6 mm- 5-point spark gap; or from a transformer, 
giving the voltage indicated in column IV at 30 cycles. 
Column V gives the medium surrounding the cable, and col- 
umn VI the diameter of the arbor on which it v;as wrapped. 
Column VII states by ^'yes" or ^'no" Trhether or not failure 
occurred during the endurance test, and also the number 
of samples to r/hioh this statement applies. Column VIII 
states ;;hether or not cracks ;7ere visible in the insulation 



at the end of the endurance test. Column IX gives the 
total length of time that the material had been soalced in 
water previous to the breakdown test. Column X gives the 
value of the effective 60-cycle brealcdov*;n x'-oltage and is 
the average of results obtained upon the number of break- 
down samples indicated in column XI. This table contains 
only data on failures which occurred in the center portion 
of the samples. All cases v^here there was any possibility 
of failure being produced by undue mechanical or electric-- 
al stress at the ends of the sample or at the surface of 
the mter have been omitted. 

It appears frorri this work that cracking is produced 
in substantially the same manner ^ but somewhat more rap- 
idly > when the samples are tested on 10000 volts alternat- 
ing current, than v^hen tested on a magneto. The amount 
cf the cracking is very materially reduced by the pres- 
ence of the braid and is much less in the material having 
Kerite insulator than in that with -che rubber. The 
cracking is entirely absent if the sample is left straight, 
or if no electrical stress is applied, or if surrounded 
by water or paraffin. The cracking is evidently a pro- 
gressive phenomenon, requiring a combination of several 
factors, i.e., mechanical stress, electrification, and the 
presence of air. 

The theory of this action, which successfully explains 
nearly all of the phenomena, ms originally suggested by 
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Mr. Harris of the Kerite Company as follows: The electri- 
fication produces a brush discharge at the surface of the 
cable, which in turn produces ozone and oxides of nitro- 
gen. This is shoi'^ by the noticeable odor after the endur- 
ance test has been run for scrne time and the visible glow 
surrounding the wires vAien in the dark. This glow is more 
prominent on the A.C. test and Figs. 1 and 3 are photo- 
graphs of this taken with about 15 minutes' exposure at 
13 000 volts. The electrical stress in the air at the 
surface of the cable ^ as caaiputed from the dimensions of 
the wire and the dielectric constant, comes out much in 
excess of the breakdovmn strength of air and indicated that 
corona is to be expected. 

It is well knom that ozone a.ctively attacks rubber; 
and when the rubber is under mechanical stress the prod- 
ucts of the reaction are piilled apart, thus exposing at 
each incipient crack a fresh surface of rubber, which is 
in turn attacked. This effect doubtless is responsible 
for the fact that the action is localized in definite 
cracks when the material is under tension but does not 
penetrate the material when the rubber is unstressed. 

That the presence of air is required is shown by the 
fact that no cracking occurred in any of the samples test- 
ed under water or when coated with paraffin. A series of 
tests were made to demonstrate the effect of the ozone 
by inserting samples of the cable in the bottom of a glass 
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iar which ;7as provided at "che top with a pair of elec- 
trodes from which a high voltage brush discharge could be 
produced* The jar v^as sealed tightly and a discharge 
from the points maintained a copious supply of ozone. The 
results obtained with this apparatus are as follows: 

17 HOUR RUE . 

Kerite Tape: No tension; no effect noticeable. 

Kerite Tape: 100>^ elongation; deep cracks on ex- 

posed side, particularly near edges. 
Sample broke at grips. 

Para Tape: No tension; softened, became sticky, 

and curled slightly. 

Para Tape: 50% elongation; rorapped on cable; 

cracked badly and fell apart. 

Okonite Tape: No tension; no effect. 

Okonite Tape: SOfb elongation; y^rapped on cable; 

cracked badly and fell apart. 

Three types of ignition cable laid straight in bottom of jar; 

no cracking. 

One sample of each cable viorapped on 3/8" diameter arbor. 

Kerite braided: No cracks except at ends, 

Kerite bare: Badly cracked and rubber entirely 

stripped off. 

Rubber: Deep and regular cracks. 

One sample of each cable wrapped on 1" diameter arbor: 

Kerite braided: No cracks except at end. 

Kerite bare: Small cracks on surface. One large 

crack which allowed half of insulal- 
at ion to peel away. 

Rubber braided: Many rather shallow cracks. 
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138 KOJR RUN. 

One sample of each cable i/vrapped on 3/16" diameter 
arbor and subjected to ozone: 

Kerite braided: Cracked deeply and uniformly except 

;7here paraffin covered braid. 

Kerite bare: Cracked and broke in small pieces, 

stripping from cable. 

Rubber braided: Cracked deeply and uniformly. 

Physical tests of samples of cable which had been 
resting loosely in the ozone tank for 133 hours shox'ved no 
appreciable change in permanent set or in ultimate elonga- 
tion as a result of the treatment. The breakdoim strength 
(at the end of this ozone treatment) is given in the fol- 
io V7ing table: 



TABL2 III 



Sample - 


Before Oz 


one Test ; 


After 13g^ 


hrs.in Ozone 


Voltage 


Wo. Samples : 


Voltage 


No. Samples 


Eerite braiaed 
Kerite bare 
Rubber braided 


43 8Q0 

5S 500 
40 600 


7 
4 

6 


47 200 
50 100 
39 300 


3 
3 
2 


It will be 


noted that 


in specimens 


Nos, 1-4-9 


-18-21 



(Table II) failure occurred during the endurance runs when 
there were no visible cracks and when the conditions were 



such that no cracks vrere to be expected. The maximum volt- 
age applied to the specimen in these tests probably did not 
exceed IS 000 volts, vdiich is a relatively small fraction 
of the breakdoi'Kn strength of the unaffected cable, and 
these results imply a progressive deterioration of the mat- 



erial other than that due tc cracking. These failures oc- 
curred only when bare samples were wrapped on the arbcr, 
and did not occur mth the traided material. Specimens 
Mos. 67 and SS as compared r/ith IIo. 50 for the mineral rub- 
ber cable indicate that such a deterioration takes place 
v7ith this insulation. A comparison of specimens Nos. 26 
and 27 with No* 25 shov/ little^ if any, effect of this 
nature in the Kerite, 

A comparison of specimens ITos. 35 and £3 with No. 50, 
and No. 13 and !3o, 14 with No. 25 seem to indicate a deter- 
ioration in both classes of material rjhen subjected to 
prolonged mxechanical stress. The time required to produce 
these effects is long compared with that in rihich cracking 
develops in air, and they are therefore of less importance. 

It i^vas au first thought that the simultaneous appli- 
cation of mechanical and electrical stress might be the 
cause of the failures; but this is not the case, as shown 
by Table IV, vThich was obtained on Kerite insulation in 
the form of strips, and which shoiTs no change great enough 
to account; for the failure of the specimen at the low 
voltage applied during the endurance test. 



TABLE IV. 



Wi t h ou t Tension 



With Tension 



Elongation 

Thickness 

Volts 

Volts per mil . 
No. of samples 



0 

.080 

33 400 
420 
12 



100 fb 
*C56 
26 700 
480 
9 
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A possible remedy for this trouble would be to cover 
the cable with a closely adhering coating of conducting 
■u:aterial such as conducting painx or ^-y^.ter soaked braid* 
This will prevent the tendency to form corona, as is shown 
in the photographs. It is, hoi^ver, objectionable on ac- 
count of the increase in the electrcsta^t ic capacity of the 
leads which results in a reduction of the maximun voltage 
produced by the ignition system, and also because most 
forms of conducting paint c.re liable to crack and produce 
at the cracks an ei^cessive amount of corona. The use ox 
an insulator having as sm.all a value as possible for the 
dielectric constant is advise.ble ?.s uhe voltage gradient 
in the air outside the cable is thereby reduced. There 
seems to be considerable difference in the rapidity with 
V7hich different insulations are attacked chemically by 
the ozone- The ordinary impregnated braids help very mat- 
erially in preventing cracking, probabl:/ beca,use they are 
nearly air tight and prevent the osone from reaching the 
rubber. After m^uch bending, however, they will probably 
lose their efficacy. Supporting the cables on insulauing 
materials at a distance from grounded condractors is bene- 
ficial in reducing the corona, and also reducing the elec- 
trostatic capacity-. It is, how3ver, liable to cause in- 
ductive effects bet^^en the different cables, which may 
lead to the production of sparks in the wrong engine cyl- 
inder," unless the cables are placed apart from one another. 
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as v;ell as from the ground. The importanoe of carefully 
avoiding sharp bends in the v7iring is very obvious, 

Tz is to be concluded froni this investigation, that 
the failure is caused by a chemical attack on the rubber 
b^'- the products of the corona discharge; but is localized 
in cracks only v7here the insulation is subject to mechan-- 
ical tension. Failure as the result of oxher causes, such 
as the combined application of mechanical and electrical 
stress, or the prolonged application of electrical stress 
alone, are shovvn to be absent or of minor importance. 
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TABLE II. 





SULilviARY OF TEST 


OF HIGH 


TENSION 


CABLES. 








K E R 


I T E E 


ARE 






I 


II 




III 




X V 


TT 

V 






ENDURANCE TEST 






Spec- 


On Magneto 


On Transformer 






imen 


Tic^e 


Run 


Time Run 




OLii. X cjunci-Lng 


No. 


Hour s 


Min. 


Hours 


Min. 


V d1 "V.^ CTf^ 




1 


2 


0.0 








li/cL L •■5.1: 




2 


30. 


— 






Tf 


3 


31 


0 . 0 








Straigrit tube 


4 


CO 


25. 








Wat 6 r 


«-/ 




0.0 








Air 


6 




0,0 


_ 







fl 


7 


N one 


None 


None 


None 


N one 


!l 


8 


- 


— 


43 






II 

11 


9 


- 


— 


0.0 


50 


ft 


tl 


1 0 






0, 


30 






1 1 






1, 


0 


11 ,000 


Water 


12 






5 . 


0 




If 


13 


None 


None 


None 


None 


Nona 


Air 158 hrs 


14 






n 


It 


J? 


fl 11 ri 


15 






0 


8 


13,000 


Air 


16 






0 


9 


TT 


ti 


17 






0 


19 


IT 


I! 


18 






1.0 


0 


ft 


II 


19 






33 . 


0 


fl 


IT 


20 






53 . 






TT 


31 






25. 


0 




n 


33 


15 


30. 






Helix .paraffin 


23 


0. 


45. 






Helix, ail- 


24 


16. 


30. 










35 


None 


None 


None 


None 


None 




23 






133. 




11 ,000 


Water 


27 






326. 




If 


tl 


38 










ff 


Air 
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TABLE II (Oonf d) 

SUMMARy_OTl_TS3T__0F jilCT 

KERITE BARE 



Spec- 
imen 



VI 



Diameter 
of 



IM O . 


Arbor 


1 


v^XAv:/ X 11 Oil 


3 




3 




4 




5 


" 11 


o 


r? If 


7 


n 11 ' 


8 


rr n 


9 


n Tl 


10 


M 1! 


11 


IF 1? 


12 


U 


15 


II II 


14 


5/32 ^' 


15 


3/8 


16 


5/S " 


17 


13/16 " 


18 


One " 


IS 


" n 


20 


1 7/3 " 


21 


n ?T 


22 


7/3 


23 


M II 


24 


Infinite 


25 




26 


Infinite 


27 


11 


28 


tf 



VII 

Failure 
with 
No. of 
Sample s 

Yes, 1 
No , 3 
No , 3 
Yes, 1 
Yes, 1 
No, 3 



VIII 



Craoks 
No 



Yes 
No 



IX 



iiours 
Soak- 
ing in 
Water 

92 
40 



None 









II 


No, 




No 




Yes, 


1 


If 


18 


No, 


1 


Yes 


18 


No, 


1 


No 


17 


No, 


3 


IT 


117 






II 


18 






t! 


18 


Yes , 




Yes 




Yes, 


/-> 


II 




Yes . 


2 


11 




Yes, 


-J 


No 




No. 


i 


ri 




No, 


1 


n 




Yes, 


1 


n 




No, 


1 


11 


40 


Yes, 


1 


Yes 




No. 


2 


No 


40 








24 


No, 


3 


No 


156 


No, 


3 


It 


328 


No, 


3 


11 


30 



Break- 
down 
Vclt- 
age 

42 , 400 
45,100 
42,900 



42 ,300 
50,300 

43,100 
49,000 
58,800 
49,000 
47,700 
37 , 000 



47 , 400 

45,500 
56 , 500 
48 , 900 
52,000 
52,400 



XI 



No. of 

Samples 
Shot 

3 
3 
3 



3 
3 

2 
1 
1 
3 
3 
3 



1 
4 
3 
3 

o 



TABLE II (Cont'd) 

S UMMAR Y OF TEST 0? HI GH TENSION CABLES 
K E R I T S COV E R E D 

I II III IV V 

E NDURAHCE TEST 

Speci- On Magneto On Transformer 



nen 


Time 


Rxin 


Tire 


Run 




Surrounding 


No. 


Hours 


Min. 


Hours 


Min. 


Voltage 


Material 


30 


None 


None 


None 


None 


None 




31 


2 


0 








;7ater 


33 


38 


0 








It 


33 


31 


0 








Straight tube 


34 


19 


0 








V7ater 


35 


7 


0 








Air 


36 






0 


50 


15,000 


II 


37 






0 


30 


T? 


n 


38 






IS 


0 


11,000 


Water 


39 






90 


0 


n 


II 


40 






366 


0 


n 


Air 


41 






155 




It 


Water 


42 






333 


0 


11 


11 


43 






336 


c 


n 


Air 




M. I 


N E R A 


L R U 


B B E R 







50 




None 


None 


None 


None 


None 




51 




3 


0 








TYater 


53 




30 


0 








w 


53 




51 










straight tube 


54 




19 


0 








Water 


55 


( 


7 


.-\ 








Air 


55 








30 


15 ,OCC 


!T 


57 


( 








55 


IT 


IT 


58 










45 


W 


IT 


59 


[ 








50 


n 


TT 


60 


( 








4 


n 


?T 


61 










Tl 


TI 


63 








16 


r. 


11 1 0 vj 0 


Water 


63 








90 




?T 


TI 


64 










5 


TI 


Air, no braid 


65 
















66 
















67 








156 




11,000 


Water 


68 








323 




Tr 


IT 


69 








326 






Air 
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TABXE .II i Concluded) 
SUMIARY OF TEST OF HIGH TENSION CABLES . 
KERITE COVERED. 



Speci- 
men 
No- 



Diaraeter 
of 
Arbor 



Failure 

X7ith 
No. of 
Samioles 



Cracks 



Hours 
Soak- 
ing in 
Water 



Break - 
do\m 
Volt- 
age 



No. of 

Sample s 
Shot 



30 










24 


43,800 


7 


31 


One inch 


No, 


3 


No 


2 


3S , 500 


3 


32 




No, 


3 


If 


92 


40,800 


3 


33 


Infinite 


No, 


1 


n 


40 


42,900 


2 


34 


One inch 


No, 


3 


fi 


19 


44,300 


3 


35 


n ir 


No, 


3 


Tl 


24 


36,800 


2 


36 


11 II 


No, 


3 


11 


18 


43,100 


2 


37 


11 tt 


No, 


3 




18 


40,800 


3 


38 


M II 


No, 


3 


If 


17 


47,800 


3 


39 


ir II 


. No, 


3 


ri 


117 


45,500 


3 


40 


tt II 


No, 


9 


ft 


30 


46,000 


9 


41 


Infinite 


No, 




n 


156 


41,100 


3 


42 


If 


No, 


3 


TT 


526 


43,000 


3 


43 


It 


No, 


3 


TT 


50 


45,100 


2 




M I I 


f E R 


A L 


R U B 


3 E R 







50 












24 




40,600 


3 


51 


One 


inch 


No, 


3 


No 


*-> 




35,600 


3 


52 


ti 


It 


No, 


3 


11 


92 




32 ,900 




53 


Infinite 


No, 


1 




40 




3 7,900 


3 


54 


One 


inch 


No, 


3 


« 


19 




36,200 


3 


55 


w 


II 


No, 


3 


Yes 


24 




23,600 


3 


56 


II 


It 


Yes, 


2 


IT 










57 


II 


II 


Yes, 
Yes, 


I 


Tt 










58 


11 


It 




11 


IS 




29,600 


3 


59 


II 


11 


Mo, 


1 


IT 


18 


) 


) 




60 


tl 


It 


Yes, 




TT 


13 




34,500) 


3 


61 


11 


II 


Yes, 


X 


IT 


18 


) 


) 




62 


It 


It 


No, 


5 


No 


17 




32,500 


3 


63 


II 


II 


No , 


3 


n 


117 




37,000 


3 


64 


tl 


It 


Yes, 


1 


Yes 










65 


3/32", 158 hrs. 
1 ",158 hrs. 








18 




28,000 


2 


66 








18 




37,200 


3 


67 


Infinite 


No, 


3 


No 


155 




31,800 


3 


68 


II 




No, 


3 


If 


326 




25,500 


3 


69 


II 




No, 


3 


IT 


30 




43,700 


3 



icjnition cables on i-incli arbor. Exposure to corona only ij minules at 13 200 veils A C and lo 
artificial light 5 seconds to show location of discharge. 

Upper mandrel from left to right: Kerite bare, mineral rubber, kerite uncovered. 
Lower mandrel from left to right: Kerite bare, kerite covered, mineral rubber. 




Fig. I. — Corona on ignition cables on i-inch arbor. Exposure to corona only 20 minntes at 13 200 volts A. C. 

Upper mandrel from left to ri^ht: Kcrite bare, mineral rubber, kerite covered. All three specimens covered with conducting paint except at 
lower ends where corona aijpcars. 

Lower mandrel from left to richt: Kerite bare, kerite covered, mineral rubber. Specimc.is untreated. 



